Thirty patients with spinal cord injury (SCI) were randomly selected to participate in this study which evaluated the inter rater reliability of the original and of the modified Ashworth scale for the assessment of spasticity in the lower limbs. A doctor and a physiotherapist rated the muscle tone of hip adductors, hip extensors, hip flexors and ankle plantarflexors according to the original and to the modified Ashworth scale. The results were analyzed using a Cohen's Kappa statistical test and showed varying levels of reliability for different muscle groups and limbs. Kappa values ranged between 0.21 and 0.61 (mean 0.37). The original scale was slightly more reliable than was the modified scale. However, this difference was not significant (P>0.05), and was not consistent between the two limbs and between different muscle groups.
Introduction
A generally accepted definition of spasticity is that of a velocity dependent increase in muscle tone with exaggerated tendon reflexes. 1 The mechanisms of the phenomenon remain poorly understood. Amongst those described in the literature are intrinsic changes in the muscle itself,2 increased excitability of either alpha andL or gamma motor neurons in the s f inal cord,3-5 abolition of pre-synaptic inhibition6, and F lastic adaptive changes in the central nervous system. This lack of understanding or consensus may contribute to the difficulties in measuring spasticity. The need for the objective quantification of spasticity has been widely accepted.9-l2 Recent changes in the Health Service in the UK put further emphasis on demonstrating effectiveness of treatment. It is therefore vital to evaluate the reliability and validity of the current methods of measuring spasticity. The literature offers a wide variety of alternatives for measuring spasticity but no single one of them is in wide useY- 15, 33 Measurement tools which offer a quantifiable method to evaluate spasticity such as the Wartenberg Pendulum testl6-l8 and isokinetic measurementsl9 appear too complex and expensive for use in the clinical setting.
Correspondence: BM Haas Measurements that are simple, inexpensive and appro priate to the clinical setting include rating scales, tendon jerks, myometer measurements and functional measure ments. The use of functional measurements however appears inappropriate for measuring an impairmeneo such as spasticity since they only make indirect reference to this physiological phenomenon and may not measure spasticity at all? The only rating scale that has been evaluatedll, 21-23,3o 23 The studies found each scale to be reliable between raters. However, doubts have been raised as to the use of appropriate statistical analysis in these studies and therefore the scales may not after all be reliable. 13 No study has so far compared the reliability between the two scales and therefore this study has been devised to fulfil this need and to evaluate both scales for the measurement of spasticity in the lower limbs of patients with spinal cord lllJury.
Methodology

Patients
Thirty subjects were randomly recruited from the patient population of the National Spinal Injuries
Centre. All patients in the unit during the period of the study were considered to be included as subjects.
Excluded from the study were patients with loss of range of movement in the lower limb and where passive movements were contradicted. One subject had limited range of movement in the left limb and only the ratings of the right limb were included in the study. 
Data analysis
The level of agreement between the assessors was analyzed using the Cohen's Kappa test. 27 . n The Kappa test is a measure of agreement for variables which can be categorised. Differences between the two spasticity scales were analyzed with an analysis of variance (ANOVA).
Results
An overview of the results for the original scale is given in Table 2 and for the modified scale in Table 3 Table 5 shows the numbers of assignments (allocations to a particular category) and the numbers of agreements in the respective categories for the two scales. It can be seen from the table that the subjects were most often allocated to the category '0' and that there were few subjects with spasticity so severe that it could be described as rigid (category '4'). The numbers of agreements also indicate that the assessors agreed more often on subjects in the '0' category and few agreements occurred in the 'I' and '1 +' categories of the modified scale.
Discussion
The results of this study showed that the inter rater reliability of the Ashworth scale varied be teen the original and the modified scale, between different muscle groups and different limbs. The mean for all Kappa values was 0.37 and described as being only fair. From a clinical point of view the scales should therefore only be used with extreme caution. Results of this study can confirm the limited reliability when measuring spasticiti in the lower limb which has been reported by others.
. 30 A direct comparison with these
studies is only possible in a limited way since this study used a different statistical test. The Kappa coefficient used in this study was believed to be the most appropriate test since it evaluates the level of agreement between raters which assign a subject to a certain category. The statistical tests used in the previously mentioned studies have either used a Kendall's tau coefficient or a Spearman's rank correlation coefficient. Both of these tests assume a rank order between subjects. 28 For the purpose of this study it was necessary to rate the scores of the subject's muscle tone against predetermined categories. This then allowed for the evaluation of the ratings of the two testers. By using the percentage agreements between raters a comparison is possible with the study by Bohannen and Smith. The original scale showed slightly better results than the modified scale. Table 5 shows that few agreements in the modified scale occurred in the grades 'I' and 'I +' and that the introduction of a new grade may have contributed to this lower level of agreement.
Kappa values for the right leg were slightly better than that for the left leg. One of the raters always assessed the patient's limbs from the right side only, but for this study was made to test each limb from the corresponding side. This unfamiliar position may have caused the lower level of agreement on the left side. This study also showed differences in reliability between different muscle groups. It was poorest for plantarflexors, followed by extensors and flexors and was best for adductors. This does not confirm the results of another study 30 which showed that their best results were for plantarflexors. The patterns were also inconsistent for different scales but no reasons for these inconsistencies could be found. The speed of moving the limbs through the range was set for all movements at I s. This was timed by counting 'one thousand and one' during the stretch. This standardi sation was seen as necessary because spasticity is velocity dependent l but further investigation may determine if additional standardisation (eg using a metronome) could help to achieve better results. The speed of movement may also have to vary between different muscle groups. Table 5 shows that the subjects were graded '0' more often than any other grade and that most agreements between the raters also occurred within the '0' grade. The reliability of the scales may be even less in a more 'spastic' patient group since there were fewer agreements in those patients who actually had an increase in muscle tone. Grade '0' is described as no increase in muscle tone and covers both subjects with 'low tone' as well as 'normal muscle tone'. The ratings cannot reflect this clinically significant difference and therefore the scales seem not ideally suited to this patient group. The original Ashworth scale was devised for research into the effects of carisopradol on muscle tone in patients with multiple sclerosis.
25 There are some differences in the characteristics of spasticity with different aetiolo gies despite the fact that it may be the same physiological phenomenon in all of them. 3l Further work may help to establish more appropriate grades for this patient group but this may not necessarily produce a more reliable scale.
Conclusions
The results of this study have shown that the Ashworth scale has only limited inter rater reliability for measuring spasticity in the lower limbs in patients with SCI. Reliability was achieved with some muscle groups but not consistently for both limbs or for both scales. No firm conclusions could be drawn from this study as to the reasons behind this inconsistency. The original Ashworth scale was slightly more reliable than the modified version and doubts have been raised as to the appropriateness of the present grades and their
